Stage at diagnosis is one of the most important prognostic factors for most cancers (1) . For many cancers, early stage disease can be effectively treated with good chance for cure, whereas late stage disease is generally incurable. Therefore, understanding the determinants of cancer stage at diagnosis is an important objective to improve cancer outcomes.
Stage at diagnosis is associated with a number of factors, including race and ethnicity (2) (3) (4) (5) (6) (7) (8) , socioeconomic status (9) (10) (11) (12) , age (13) , and marital status (14, 15) . Several studies have suggested that the presence and type of health insurance may be important determinants. A more favorable stage at diagnosis has been associated with health maintenance organization (HMO) coverage (16, 17) , whereas Medicaid recipients and the uninsured have been more likely to be diagnosed with later stage cancer (18, 19) . The presence and type of health insurance have been consistently predictive of access to care and the provision of screening services (20) (21) (22) (23) (24) (25) (26) (27) .
Several questions remain unanswered, however, concerning the determinants of stage at diagnosis. Most studies reporting racial differences in stage at diagnosis have had limited information on health insurance (4) (5) (6) 9, 12, 13) or were conducted in selected urban populations (2, 3, 8) . Therefore, the extent to which racial differences in stage at diagnosis may be attributed to differences in insurance coverage and vice versa is not clear, and it is not clear whether racial differences exist on a statewide basis.
In addition, little is known about how specific types of health insurance coverage predict the stage of cancer at diagnosis. For example, most studies examining the effects of HMOs have been confined to the Medicare population. Whether HMOs have similar effects in nonMedicare populations and whether other insurance types (such as preferred provider organizations) affect stage is not known.
This study was conducted to examine the effects of health insurance coverage, race, and ethnicity on cancer stage at diagnosis by using population-based data for the state of Florida. We hypothesized that patients having HMO insurance would have a more favorable stage at diagnosis and that patients lacking health insurance or insured by Medicaid would be diagnosed at later stages relative to patients with commercial indemnity insurance.
PATIENTS AND METHODS

Data Sources
We studied data from 1994 (the most recent year for which all relevant data were available) for all Florida patients with incident cases of four types of cancer for which screening is associated with detection of early stage disease: colorectal, breast (female only), prostate, and melanoma (n ‫ס‬ 34 616) (28) (29) (30) (31) (32) (33) (34) (35) (36) For the inclusion of information that is not routinely available from the FCDS (insurance payer, comorbidity, and socioeconomic status), patient records were linked with state discharge abstracts and the 1990 U.S. Census. The state of Florida Agency for Health Care Administration (AHCA) maintains both inpatient and outpatient discharge abstracts for admissions to all non-Federal acute care hospitals, all licensed ambulatory surgical centers, all freestanding radiation therapy centers, and all diagnostic imaging centers. Data abstracted include patientidentifying information and demographics (e.g., Social Security number, date of birth, sex, race, and ethnicity), discharge diagnoses (up to 10), and insurance payer. The 1990 U.S. Census was used to obtain aggregate measures of socioeconomic status either by census tract or, if unavailable, by ZIP code.
This study was approved by the University of South Florida Institutional Review Board.
Matching Process
Records of FCDS patients were linked with discharge abstracts by means of a probabilistic match using Social Security number, sex, race, and date of birth. Patients who successfully matched on all variables were considered to be valid matches. Patients were also considered valid matches if the sole discrepancy was a Social Security number or a date of birth that differed by only one digit (suggesting data entry errors). By use of this method, 28 123 eligible patients (81.2%) were matched, a rate comparable to that achieved in a similar study (18) .
Compared with successful matches, FCDS patients who failed to match with AHCA records were more likely to be non-Hispanic African-Americans or of "other" race (P ‫ס‬ .001), to be male (P ‫ס‬ .001), to be of older age (P<.001), to have melanoma or prostate cancer (P ‫ס‬ .001), and to be diagnosed at the in situ stage (P ‫ס‬ .001). There was no difference in community-level income (P ‫ס‬ .08) or education (P ‫ס‬ .82) between matched and unmatched patients. Patients whom we failed to match were likely diagnosed in an outpatient setting and did not require hospital admission for diagnosis or follow-up treatment.
Information on patient's insurance payer was obtained from AHCA discharge data for patients who matched. For patients who did not match with AHCA discharge abstracts, we used payer information from the FCDS if it was available. Insurance payer is defined similarly by both FCDS and AHCA as the patient's primary method of payment or type of insurance coverage for services provided by the reporting facility. Information on the patient's insurance was available for the following percentage of patients: colon cancer patients, 89.9%; melanoma patients, 80.9%; breast cancer patients, 89.9%; and prostate cancer patients, 84.5%.
FCDS patients were next matched with 1990 U.S. Census data to obtain census-derived measures of socioeconomic status. The U.S. census provides data on median household income and median education level (according to race and ethnicity) for each census tract and ZIP code. Each individual was assigned the median income/education level of their racial category for either the census tract (87% of patients) or ZIP code (13% of patients) of their residence. Associations between socioeconomic status and health outcomes have been similar when socioeconomic status is measured at either the individual or the community level (37, 38) . Some researchers (39, 40) have also argued that the socioeconomic level of a neighborhood is itself an important determinant of health.
There are important limitations, however, in inferring the socioeconomic status of individuals from grouped data. First, census-derived measures of socioeconomic status will not accurately reflect the individual education or income of some patients. In addition, in a rapidly growing state such as Florida, it is possible that some census tracts or ZIP codes may have had substantial changes in median education and income levels between 1990 and 1994. If so, 1990 census estimates may not be accurate measures of socioeconomic status for those patients diagnosed in 1994.
Data Analysis
Stage at diagnosis, the main outcome variable, was defined by using the Surveillance, Epidemiology, and End Results (SEER) 1 Site-Specific Summary Staging Guide (41) . Stage at diagnosis is based on a combination of pathologic, surgical, and clinical assessments available within 2 months of diagnosis. For these analyses, stage at diagnosis was reclassified as early stage (in situ or local) or late stage (regional or distant).
Stage at diagnosis was available for 32 077 FCDS patients (92.7% of all patients as follows: colon cancer, 93.5%; melanoma, 93.6%; breast cancer, 95.5%; and prostate cancer, 88.9%). Compared with staged cases of cancer, unstaged cases of cancer were found in older individuals (P<.001) who had lower education (P<.001) and income (P<.001); who were less likely to be married (P ‫ס‬ .001); and who were more likely to be insured by Medicare (P ‫ס‬ .001), to be nonwhite (P ‫ס‬ .001), to be male (P ‫ס‬ .001), and to have prostate cancer (P ‫ס‬ .001).
Two variables were examined as possible predictors of stage at diagnosis: insurance payer and race. Categories of insurance payer are mutually exclusive and include the following: Medicare; Medicare HMO; Medicaid; Medicaid HMO; commercial indemnity; commercial preferred provider organization; commercial HMO; Civilian Health and Medical Program, Uniformed Service (CHAMPUS); U.S. Department of Veterans Affairs; workers' compensation; other state and local government programs; or uninsured (includes self-pay and charity). Because of the small number of Medicaid HMO patients (n ‫ס‬ 71), this group was combined with Medicaid fee-for-service patients into a single Medicaid category. Likewise, the following payer types were combined under the category "other" because of the small number of patients: CHAMPUS, U.S. Department of Veterans Affairs, workers' compensation, and other state/local government programs. Patients were classified into the following four categories of race and ethnicity: white (non-Hispanic), AfricanAmerican (non-Hispanic), Hispanic, or other.
Variables available directly from the FCDS that were examined as possible confounders included sex, age, and marital status (never married, married, divorced, separated, or widowed). Race-specific median household income is reported by the U.S. census on a 9-point scale. Because there were very few patients at the upper and lower extremes, this scale was collapsed to five levels for multivariate analysis: (less than $15 000, $15 000-$24 999, $25 000-$34 999, $35 000-$49 999, and $50 000 or more). Median educational attainment is classified by the U.S. census on a 7-point scale. Because there were very few patients at the upper and lower extremes, this scale was collapsed to four levels for multivariate analysis (less than high school graduate, high school graduate, some college, and college graduate).
Comorbidity was determined as described by Charlson et al. (42) and Deyo et al. (43) . Comorbid conditions were identified by use of inpatient and outpatient hospital discharge abstracts for the calendar year 1994. We used the International Classification of Diseases, 9 th revision, Clinical Modification (44), mapping of comorbid conditions as described by Deyo et al. (43) . Cancer-related conditions were excluded. In calculating a morbidity index (theoretic range, 0-23), we used the original weights described by Charlson et al. (42) . We defined three categories of comorbidity (0, 1, and ജ2) based on the patient's index score.
All analyses were conducted separately by site. The proportion of patients whose disease was diagnosed at a late stage (regional or distant) was first compared across payer and racial categories with the 2 test. The multivariate relationship between a late stage at diagnosis and race and payer was then examined by use of multiple logistic regression. Indicator variables were created for the four categories of race and the eight payer categories with white non-Hispanic and commercial indemnity (fee for service) insurance as the referent categories. Based on previous research, the following variables were included in all logistic models to control for potential confounding: age, sex (for colorectal cancer and melanoma), marital status (four indicator variables), educational level, income level, and comorbidity (2, 13, 14) . Race and insurance payer indicator variables were likewise included in all logistic models so that the odds ratios (ORs) reported for race are adjusted for insurance payer and vice versa.
To avoid forcing linear relationships between ordinal and interval variables and outcomes, we first assessed these variables with Mantel-Haenszel's 2 test for trend (45) . For those variables that did not demonstrate a monotonic relationship with the outcome variable, indicator variables were created (eight indicator variables for age corresponding to 10-year age intervals, three indicator variables for level of education, and four indicator variables for level of income) (46) . The statistical significance of individual indicator variables was assessed with the 2 likelihood ratio test. Adjusted ORs and 95% confidence intervals (CIs) are reported. All reported P values are two-sided. Statistical significance was set at an alpha level of .05.
Initial logistic regression models examined the main effects of payer type and race. Interactions between race and insurance type were then examined with the Breslow-Day 2 test for homogeneity of ORs. For ORs that were not homogeneous, interaction terms were tested for statistical significance. To determine how findings might change under different assumptions, we repeated logistic models and restricted them to those patients with invasive cancers only and to those age groups for which screening is recommended by American Cancer Society guidelines (age ജ50 years for colorectal cancer, age ജ40 years for breast cancer, age ജ50 years for prostate cancer, and age ജ20 years for melanoma) (47) . In addition, because age is a key determinant for some insurance payers (e.g., Medicare), logistic regression models were repeated stratified by age (age <65 years versus age ജ65 years).
RESULTS
Our final study population consisted of the 28 237 Florida residents diagnosed with colorectal cancer, breast cancer, melanoma, or prostate cancer in 1994, for whom information was available on both stage and insurance payer (Table 1) . Most patients were older than 65 years of age, and Medicare was the most common type of insurance. Table 2 presents the proportion of patients who were diagnosed at a late stage of cancer for each category of insurance payer and race. The insurance payer was statistically significantly associated with stage at diagnosis for each of the four cancers examined. Patients insured by Medicaid and patients who were uninsured were at greater risk for late stage disease. Non-Hispanic AfricanAmericans were at a greater risk of a late stage diagnosis for breast and prostate cancers. Table 3 reports adjusted ORs, comparing the odds of a late stage diagnosis for insurance payer and race categories relative to referent categories. Final logistic models are described separately below for each site.
Colorectal cancer. Two payer categories were found to have statistically significantly greater odds of late stage disease than the referent category of commercial indemnity insurance: Medicare HMO and uninsured. Patients insured by a Medicare HMO also had statistically significantly greater odds of late stage disease when compared with patients insured by fee-for-service Medicare as an alternate referent category (adjusted OR ‫ס‬ 1.59; 95% CI ‫ס‬ 1.28-1.97; P<.001). There was a trend for a more favorable stage at diagnosis for persons of "other" race compared with the referent of non-Hispanic whites. The effects of Medicare HMO (P ‫ס‬ .49) and uninsured payer status (P ‫ס‬ .062) were both homogeneous across categories of race.
Melanoma. Two payer categories were associated with later stage at diagnosis: Medicaid and the uninsured. The number of cases of late stage melanoma was quite small for several insurance categories, including Medicaid (n ‫ס‬ 13), Medicare HMO (n ‫ס‬ 6), and patients having other insurance (n ‫ס‬ 11). Very few cases of melanoma were diagnosed in nonwhite patients, and there were no statistically significant associations between race and stage at diagnosis. ORs for Medicaid (P ‫ס‬ .14) and uninsured payer status (P ‫ס‬ .18) were homogeneous across categories of race.
Breast cancer. Patients insured by Medicaid and those who were uninsured were more likely to be diagnosed with late stage disease. Patients who were nonHispanic African-American or Hispanic were more likely to be diagnosed at a late stage independent of their insurance payer. There was a statistically nonsignificant trend for patients of "other" race to have a more favorable stage at diagnosis. The effects of non-Hispanic AfricanAmerican race (P ‫ס‬ .92) and Hispanic ethnicity (P ‫ס‬ .37) were homogeneous across payer categories. Likewise, ORs for Medicaid (P ‫ס‬ .59) and uninsured payer status (P ‫ס‬ .69) were homogeneous across categories of race.
Prostate cancer. Patients who were For each of the four cancer types examined, results were similar to those described above when logistic models were repeated with data restricted to those patients with invasive cancers only. In addition, results did not vary when restricted to age groups for whom screening is recommended or when analyses were stratified by age (<65 years old versus ജ65 years old; data not presented).
DISCUSSION
For all four types of cancer examined, the presence and type of health insurance were statistically significantly associated with stage at diagnosis. Our finding of increased odds of a late stage diagnosis among patients who were uninsured or who were insured by Medicaid is in agreement with other studies (2, 3, 8, 18, 19) . The previous demonstrations of a relationship between a lack of health insurance and poor cancer outcomes have primarily been limited to breast cancer. Our study extends this finding to other cancers that can be detected at an early stage by screening (notably, melanoma, colorectal cancer, and prostate cancer).
A plausible explanation for a later stage at diagnosis among the uninsured is inadequate access to cancer-screening services. Persons lacking health insurance are less likely to receive cancer screening and other preventive services (21, 22, 27, 48) and may have delayed diagnosis of symptomatic cancers because of inadequate access to health care (7, 10) . Until means are found to provide health insurance to all persons, it appears inevitable that the uninsured will suffer worse outcomes for cancer and other diseases (25, 49) .
The reason for a later stage at diagnosis among patients insured by Medicaid compared with those who have indemnity insurance is less clear and warrants further study. Presumably, patients insured by Medicaid have access to cancer screening and diagnostic services. We found, however, that the odds of a late stage cancer diagnosis were often similar between Medicaid patients and patients who were uninsured. Medicaid may not have provided the continuous insurance coverage that is conducive to comprehensive preventive care. One study (50) , for example, found that almost two thirds of new Medicaid recipients lost coverage within 12 months. Whether Medicaid HMOs have outcomes that are different from fee-for-service Medicaid care is unknown because there were too few patients from Medicaid HMOs in this study to allow meaningful comparisons.
We found no difference in stage at diagnosis for patients insured by commercial HMOs compared with fee-for-service health plans. Among previous investigations that examined stage at diagnosis (51) (52) (53) (54) (55) (56) , HMO plans were usually no different than fee-for-service plans. Studies showing a more favorable stage at diagnosis for HMO patients (16, 17, 57) The explanation for our finding of greater risk of late stage colorectal cancer among Medicare HMO patients is uncertain and merits further exploration. Some early Medicare HMO plans in Florida were plagued with problems ranging from poor quality of care to outright fraud. IMC Gold Plus, the nation's largest prepaid Medicare plan in 1987, was one such example (61, 62) . Similar problems were uncovered among Florida Medicaid HMOs in 1994 (63, 64) . We are not aware of evidence, however, that Medicare HMOs available in Florida during 1994 were suspected of providing poor quality care; moreover, patients in Medicare HMOs were not at higher risk of late stage diagnosis for the other cancers examined.
There may be financial disincentives, however, for primary care physicians to perform colorectal examinations such as sigmoidoscopy under capitated health plans (65) . Capitated primary care physicians receive a set payment for all health care services that they provide and are unlikely to receive additional reimbursement for the time it takes them to educate and encourage patients to undergo colorectal screening or for the time it takes them to perform sigmoidoscopy in their office. Other screening tests, such as mammography, prostate-specific antigen assays, and skin examinations, are less likely to have differing financial implications for primary care physicians treating fee-for-service versus HMO patients.
As a general model, insurance-related differences in stage at diagnosis should be greater for cancers that are more amenable to early detection and where early detection health services are more dependent on the presence of health insurance (expensive tests for example). The effects of being uninsured or of having Medicaid were fairly consistent across the four cancers examined. A lack of statistical significance for data from colorectal and prostate cancer patients insured by Medicaid may partly be the result of smaller sample sizes. The particularly striking insurance effects among patients with melanoma suggest that melanoma is especially amenable to early detection or that patients without adequate health insurance may have markedly limited access to dermatologists. Although skin examinations are relatively inexpensive, skin biopsies and other follow-up care may not be affordable to patients lacking health insurance.
We observed racial differences in stage at diagnosis for both breast and prostate cancers independent of patient's insurance coverage, education, and income. Studies (2, 3, (8) (9) (10) 12, 13) have consistently identified racial differences in stage at diagnosis and survival among patients with breast cancer. Although AfricanAmerican women have been found to receive less breast cancer screening than white women (21, 66, 67) , stage differences in breast cancer by race may only be partly explained by inadequate screening or other problems in health care delivery (4, 7, 68, 69) .
Less is known about racial differences in stage at diagnosis for other cancers. Patients who are African-American may have a later stage at diagnosis for colon cancer (1, 70) and prostate cancer (71) . Results for Hispanic patients have been inconsistent; some results suggest earlier stage at diagnosis for breast, colon, or prostate cancer (72) , and other results show a greater likelihood of late stage breast cancer (10) . Our study found that Hispanic patients are diagnosed at a later stage for breast cancer but at an earlier stage for prostate cancer. We also found that effects of Hispanic ethnicity were modified by the presence of health insurance, which may partly explain the variation in results from previous studies.
This study has a number of potential limitations. First, we relied on administrative data that are limited in detail (no information on type of HMO or TNM [tumor-node-metastasis] staging system) and that could not be independently verified. Because cancers are increasingly diagnosed and treated in outpatient settings, case finding for cancers such as melanoma may be incomplete. We did not have information on the duration or continuity of insurance coverage before diagnosis. If cancer-related symptoms led persons to change their health insurance coverage, this change could have affected our results (73) . Finally, our study was restricted to patients in Florida with incident cases of cancer, so findings might not be generalizable to other parts of the country.
In conclusion, race and insurance status are important determinants of cancer stage at diagnosis. Patients who are uninsured or who are insured by Medicaid are more likely to be diagnosed with late stage cancers, as were persons of AfricanAmerican race for breast and prostate cancers. Further research is needed to confirm and understand potential differences between HMO and fee-for-service health care systems in the detection of early stage colorectal cancer.
